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(54) Abstract Title 

Laterally moveable RF coil for MRI 

(57) Magnetic resonance imaging apparatus has a patient support 1 moveable on runners 2 along a beam 3 
into a bore 4. The r.f coil 7 is secured to the patient support so as to travel axially with the patient support when 
the patient enters the bore. The r.f coil is also moveable laterally to enable off-centre as well as central regions 
of the patient to be imaged. The apparatus is particularly suited to continuous scan. The width of the central 
section of the coil 7 may also be adjustable in a lateral direction to accommodate patients of different size. The 
RF coil may comprise a coil array. 
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MACNF/Tir RESONANCE IMAGING APPARATUS 

This invention relates to magnetic resonance (MR) imaging apparatus. 

Magnetic resonance is excited in MR active nuclei, such as protons of hydrogen atoms, 
by applying an r.f. excitation pulse in the presence of a powerful magnetic field. The 
5 resulting r.f signals emitted by the nuclei, in the presence of suitable spatial coding of the 
magnetic field, provide data about the distribution of these nuclei and hence of tissue and 
fluids in the patient being imaged. 

One way of achieving the high magnetic fields necessary to enable resonance to be excited 
10 is by using an electromagnet in the form of a coil, either resistive, or more usually 
superconducting. The patient is slid into the bore of such a magnet. 

Atypical arrangement is shown schematically in Figure 1. A patient support 1 is moveable 
on runners 2 on a beam 3 into and out of the bore 4 of an electromagnet Coils for 
15 producing the main magnetic field are contained in the casing 5 (not shown to scale) 
surrounding the bore 4, as are coils for producing magnetic field gradients for spatially 
encoding the part of the patient which lies within the excitation region. 

For a given number of turns and current, the field strength along the axis of a coil 
20 decreases as the diameter of the coil is increased. This decrease of field could be offset by 
increasing the current through the coil, but with the penalty of increased cost of the 
magnet. Accordingly, there is always a conflict between desired minimum bore size and 


the cost of the magnet. It follows that care is always taken to utilise the full diameter 
inside the bore. 

One constraint on the utilisation of the full diameter of the bore is the need for an r.f. 
excitation coil 7. For imaging the whole body, typically a body coil such as a birdcage coil 
would be used, and this must be located inside the bore 4 (rather than in the casing 5 
surrounding the bore) since its effectiveness decreases the further it is positioned from the 
patient. In cases where part only of the body e.g. the head, is bang imaged, other types 
of excitation coil may be used, but a coil such as a body coil is needed when it is desired 
to image the full length, or at least a substantial length, of the body. 

One of the cases when it is necessary to image the full length, or at least a substantial 
length, of the body is in the case of continuous scanning, to which this invention is 
particularly applicable. 

In a continuous scan, a patient is moved through the bore while image data is obtained 
from a relatively small volume of good quality magnetic field near to or at the centre of 
the bore. In principle, it is possible to scan a subject from head to toe. 

Thus, in the case of continuous scan, the simplest arrangement is to use a whole body 
transmit coil 7 located in the bore of the machine, and to use this coil for receiving r.f. 
signals as well. There are, however, problems with this arrangement. Firstly, the r.f. coil 
7 takes up significant space in the bore 4 of the magnet, and this restricts the possibility 
of shifting the patient laterally to optimise scanning the regions offset from the centre of 
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the body. To scan such offset regions, it would be desirable to place them in the centre 
of the field. Another problem is that large whole body coils have unnecessarily large 
volumes of r.f field with field leaking out from the magnet bore during transmission, and 
consequent excitation of regions of the body from which signal is not sought, causing 
5 aliasing. Also, the large r.f coil is sensitive to unwanted regions of the body therefore 
causing additional coil noise and loading. Further, a whole body coil is poorly coupled to 
the body when receiving MR signals with consequent loss of signal-to-noise ratio. 

It has been proposed to make the body coil 7 elliptical to get better coupling, but then this 
1 0 makes it more difficult to slide the patient through. 

For receive purposes, surfece coils (which may be flexible), and are placed on the surface 
of the body have been proposed, as have arrays of coils, but these are not suitable for 
transmit purposes. From a receive point of view, field sensitivity is not all that important, 
15 and can be corrected for. Transmitter pulses require simple and accurate fields if signal 
contrast is to be controlled, generating parts of a flip from components of an array. 

The invention provides a magnetic resonance imaging apparatus comprising a magnet 
having a bore into which a patient support can be introduced, an r.f. coil for transmitting 
20 r.f signals, wherein the r.f. coil is secured to the patient support so as to be moveable with 
the patient support along the bore, the r.£ coil extends part way around the axis of the 
bore in order to partly surround the patient while allowing access to the patient support, 
and at least a part of the r.f. coil being displaceable laterally with respect to the bore to 
permit imaging of different regions of the body. 


This permits imaging to be carried out with the patient shifted laterally in the magnet bore 
as well as allowing better localisation of the r.£ field generated to be achieved. 

The invention also provides a magnetic resonance imaging apparatus comprising a magnet 
having a bore into which a patient support can be introduced, an r.f. coil for transmitting 
r.f signals, wherein the r.f coil is secured to the patient support so as to be moveable with 
the patient support along the bore, the r.f. coil extends part way around the axis of the 
bore in order to partly surround the patient while allowing access to the patient support, 
the r.f coil including an array of coils extending in a direction around the patient, and the 
width of one of the coils is adjustable in a lateral direction with respect to the bore. 

Ways of carrying out the invention will now be described in detail, by way of example, 
with reference to the accompanying drawings, in which: 

Figure 1 is a diagrammatic cross-sectional view of known magnetic resonance imaging 
apparatus; 

Figure 2 is a diagrammatic cross-sectional view of a first form of magnetic resonance 
imaging apparatus according to the invention; 

Figure 3 is a diagrammatic cross-sectional view of the magnetic resonance imaging 
apparatus of Figure 2, but with the r.f coil laterally displaced from the position shown in 
Figure 2; 
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Figure 4 is a diagrammatic cross-sectional view of a second form of magnetic resonance 
imaging apparatus; 

Figure 5 is a plan view of one of the coils of the magnetic resonance imaging apparatus 
5 shown in Figure 2; 

Figure 6 is a section taken through the lines 6-6 of Figure 5; 

Figure 7 is a section taken through the lines 7-7 of Figure 5; 
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Figure 8 is a plan view of the r.f coil array of the magnetic resonance imaging apparatus 
as shown in Figure 2 and Figure 9, but with the array unwrapped into a planar 
arrangement; and 

15 Figure 9 is an enlarged view of the coil array of the magnetic resonance imaging apparatus 
shown in Figure 2. 

Like reference numerals will be given to like parts throughout all the figures. 

20 In the first and second forms of magnetic resonance imaging apparatus according to the 
invention, only the internal bore 4 of the magnet is shown, together with the beam 3 for 
supporting a patient support 1 on runners 2, together with the r.f. coil indicated generally 
by the reference numeral 7. 


The main magnet may be resistive, but is more likely to be superconducting. Using 
processing means (not shown) an r.f pulse sequence is generated by the r.f. coil 7 to 
excite resonance (in the presence of a main magnetic field and magnetic field gradients) 
in a region such as a slice of the patient (not shown), and the resulting r.f. relaxation 
5 signals are picked up by the r.f coil 7. Using magnetic field gradients during the reception 
of the r.f. signals generated by MR active nuclei in the patient, and by means of digital 
processing in the processing means, an image of a desired region of the patient is built up. 

The apparatus shown in Figures 2, 3 and 4 is particularly suited to continuous scanning 
10 i.e. where a volumetric region of a patient is imaged by translating the region of the 
patient in question axially relative to the bore 4, so that the region to be imaged passes bit 
by bit through the relatively confined volume of magnetic field uniform enough to permit 
accurate imaging to be performed. 

15 In the known magnetic resonance imaging apparatus shown in Figure 1, the r.f. coil 7 is 
fixed relative to the magnet bore. In the magnetic resonance imaging apparatus of the 
invention, however, the r.f. coil 7 is secured to the patient support in such a way that 
when the patient support is moved axially relative to the bore, the r.f coil also moves 
axially with the support. 

20 

The r.f coil is also moveable laterally, as shown in Figure 3. Thus, with the r.f. coil 
positioned centrally as shown in Figure 2, a central region of a patient, such as the spine, 
may be imaged, but with the r.f. coil oflset as shown in Figure 3, an offset region of the 
patient e.g. a region of one lung, may be imaged. 


The coil form proposed is shown in Figures 2, 3, 8 and 9. The r.f coil is an array in two 
dimensions (Figure 8 shows the airay notionally opened into a planar configuration). This 
array is then folded at the sides so that its shape replicates that of the machine bore. In 
other words, the radius of curvature of the sides of the r.f. coil 7 is approximately the 
same as that as that of the bore. This makes it easier to displace the r.f. coil close to the 
side ofthe bore 4. 

The r.f. coil array 7 has five sections A to E in a circumferential direction extending 
around the axis ofthe bore Le. the direction in which it partly surrounds the patient. This 
is shown more clearly in Figure 9, which is an enlarged view of the r.f coil of Figures 2 
and 3 . The r.f. coil amy 7 has three sections along the patient bed, and these are seen best 
from Figure 8. 

It will be noted from Figure 9 that coil A overlaps coils C and B, and coils C and B in turn 
overlap coils E and D. This overlap also happens along the length ofthe bed, where 
further sections A 1 to E' and A" to E" are provided, and the individual coils ofthe section 
A 1 to E' overiap the adjacent coils in the sections A to E and A" to E n . 

Thus, it will be seen that there is overiap both along the direction ofthe bed and in the 
direction surrounding the patient, the purpose bang to minimise mutual coupling between 
the coils (NMR Phased Array by P B Roemer, W A Edelstein, C E Hayes, S P Souza and 
O M Muder published by Magnetic Resonance in Medicine Volume 16, pages 192 to 225 
(1990)). All four sides ofthe coils A to E have been indicated in Figure 8. 
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In addition to the coil array 7 being laterally displaceable as shown in Figure 3, the lateral 
width of the central section of the coil array i.e. the sections A, A 1 and A" may be 
increased or decreased, shown symbolically by the arrows X, Y. 

Thus, the pairs of coils B,D and C,E etc. can be pulled apart or closed together to match 
the patient's size. The slack is taken up by vaiying the size of coils A, A', A tt . The side 
arms, as can be seen from Figure 6 and 7, can be slid across each other. At one end this 
is metal to metal contact. At the other end there is insulation across which an adjustable 
tuning capacitor is placed. For the metal to metal contact, a clamp 8 secures a conducting 
pad 9 e.g. of wire mesh between the ends. At the other end, an insulating clamp 1 0 clamps 
the ends together with an insulator 1 1 sandwiched between. 

Coil A, in common with the other coils, can be multi-turn. In the case of coil A all the 
overlaps are metal to metal except the one at the end. 

Although the coils A, A' and A" are shown as being infinitely variable, in practice a small 
number of fixed locations are preferable from an engineering point of view. Note that the 
expansion and reduction of the coils A takes place about the centre line Z,Z, so as to keep 
the coupling to the coils B,C correct as the coil array size is changed. 

All the coils of the array are terminated in tuning capacitors, and the signals are fed 
individually to the processing system 

Figure 2 shows a patient in the coil array 7, centrally positioned, and Figure 3 shows the 
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patient as far over to one side as possible while retaining fall use of the coil. If it is desired 
to move the patient further still to one side, it is possible to remove one or two sections 
of a coil, for example sections C and E. 

5 The second form of magnetic resonance imaging apparatus shown in Figure 4 is the same 
as the first shown with respect to Figures 2, 3 and 5 to 9, except that an additional 
demountable section of transmitter coil F is mounted on supports 12 from the roof of the 
bore. This additional coil section F can co-operate with the coil below and help improve 
field homogeneity, particularly towards the top of the body. However, there is only one 

1 0 section of roof coil, not three sections as for the coil beneath the patient. 

The coil arrays 7 described are used for both transmit and receive, although in principle 
a separate receive coil e.g. a surface coil could be employed. 

15 Among advantages of the illustrated arrangement according to the invention is that off 
axis regions of a patient may be readily imaged in continuous scan since the coil array can 
be displaced sideways and since the curvature of the end of the array conforms to that of 
the bore. The coil can accommodate patients of different sizes because of the adjustable 
central section and, since the coil moves along the length of the bore with the patient 

20 support, the coil can be brought closer to the patient than would be the case if there was 
relative movement between the coil and the patient as in the known arrangement of Figure 
1. 

Padding could be included on top of the coil array for comfort and cosmetic reasons. 
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Of course, variations may be made without departing from the scope of the invention. 
Thus, there may be more or less sections both along the length of the patient and around 
the patient. In the imaging apparatus described, the coil array has been described as being 
moveable relative to the patient support 1 in a lateral direction. Of course the patient 
S support itself could also be moveable laterally instead, in which case the relative lateral 
movement would be between the patient support 1 and the runners 2. A more complicated 
mechanism for the runners would then be required, in order to also accommodate the axial 
movement. 

10 The coil array is rigid, but could be made to possess a slight springiness if desired. 
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CLAIMS 

1 A magnetic resonance imaging apparatus comprising a magnet having a bore into 
which a patient support can be introduced, an r.f coil for transmitting r.f. signals, wherein 
the r.f coil is secured to the patient support so as to be moveable with the patient support 
along the bore, the r.f coil extends part way around the axis of the bore in order to partly 
surround the patient while allowing access to the patient support, and at least a part of the 
r.f coil being displaceable laterally with respect to the bore to permit im a g i ng of different 
regions of the body. 

2. Magnetic resonance imaging apparatus as claimed in Claim 1, in which the r.f. coil 
includes an array of arils extending in a direction around the patient, and the width of one 
of the coils is adjustable in a lateral direction with respect to the bore. 

3. Magnetic resonance imaging apparatus as claimed in Claim 2, in which the 
adjustable width coil is in two parts which overlap each other. 

4. Magnetic resonance imaging apparatus as claimed in Claim 2 or Claim 3, in which 
the coil array also extends along the direction of the patient support* 

5. Magnetic resonance imaging apparatus as claimed in any one of Claims 1 to 4, in 
which a demountable section of cofl is mounted in the roof of the bore to co-operate with 
the r.f coil partly surrounding the patient. 
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6. A magnetic resonance imaging apparatus comprising a magnet having a bore into 
which a patient support can be introduced, an r.f coil for transmitting r.f. signals, wherein 
the r.f. coil is secured to the patient support so as to be moveable with the patient support 
aloi^ the bone, the r.f. coil extends part way around the axis of the bore in order to partly 
surround the patient while allowing access to the patient support, the r.f. coil including 
an array of coils extending in a direction around the patient, and the width of one of the 
coils is adjustable in a lateral direction with respect to the bore. 

7. Magnetic resonance imaging apparatus as claimed in Claim 6, in which the 
adjustable width coil is in two parts which overlap each other. 

8. Magnetic resonance imaging apparatus as claimed in Claim 6 or Claim 7, in which 
the coil array also extends along the direction of the patient support. 

9. Magnetic resonance imaging apparatus substantially as herein described with 
reference to the accompanying drawings. 
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